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Computer-Assisted Carotid Plaque Characterisation* 
N. EI-Barghouty, G. Geroulakos, A. Nicolaides, A. Androulakis, V. Bahai 
Academic Vascular Unit, St Mary's Hospital Medical School, London, U.K. 
Objective: To determine the relationship between plaque echogenicity as measured by computer and the incidence of 
cerebral brain infarction. 
Patients and methods: Eighty-seven patients with 148 plaques producing more than 50% internal carotid artery stenosis 
were studied. Sixty-nine plaques were in asymptomatic patients, 35 were associated with amaurosis fugax, 19 with 
transient ischaemic attacks and 25 with stroke. All patients had a CT brain scan and the presence of ipsilateral cerebral 
infarction was noted. Images of the plaques obtained with an ATL Ultramark-4 Duplex scanner (7.5 MHz high resolution 
probe) were transferred to a computer. Using an image analysis program a histogram for each plaque was obtained with 
the number of pixels plotted against the grey scale (0-225). The median of the grey scale was used as a measure of 
echogenicity. 
Results: Fifty-three (36%) of the 148 plaques were associated with ipsilateral CT brain infarction. Plaques with a grey scale 
median more than 32 (echogenic) were associated with an incidence of 11% (7/64) CT infarction. In contrast, plaques with 
grey scale median below or equal to 32 (echolucent) were associated with 55% (46/84) incidence of CT infarction (~ = 
30.35, p < 0.001, relative risk = 22, 95% confidence interval from 4.7 to 108). 
Conclusion: This study indicates that computer analysis of carotid plaque can identify high-risk carotid plaques. The 
potential of such analysis in the identification of asymptomatic high-risk patients hould be explored in further studies. 
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Introduction 
Characterisation f the form and structure of ather- 
omatous plaques at the carotid bifurcation has been 
possible with the advent of high resolution B-mode 
ultrasound scanning. The importance of plaque mor- 
phology in the pathophysiology of cerebral events is 
now well accepted as plaque structure has been 
implicated as an important factor in the development 
of embolic events. ~It has been estimated that intra- 
plaque haemorrhage is 1.6 to 6.7 times more common 
in symptomatic than in asymptomatic patients. 2 
Lipid-laden or haemorrhagic plaques have the poten- 
tial to ulcerate and subsequent embolisation of the 
contents can'lead to transient or permanent ischaemic 
attacks. In addition, plaque fracture over the site of a 
haemorrhage may lead to luminal thrombus forma- 
tion and subsequent embolisation. 3 Alternativel~ cav- 
itation with healing can lead to large pits within the 
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vessel wall that are focal points for the formation of 
thrombus material, which may lead to subsequent 
embolisation. 4 
Ultrasound B-mode imaging is able to show the 
"make up" of the carotid plaque. Fibrous or calcified 
material is more echogenic than material such as lipid 
and intraplaque haemorrhage, which is more 
echolucentd 
The North American Symptomatic Carotid 
Endarterectomy Trial (NASCET) 6 and the European 
Carotid Surgery Trial (ECST) 7 have clearly demon- 
strated that symptomatic patients with severe 70-99% 
internal carotid artery stenosis carry a substantial risk 
of ipsilateral ischaemic stroke and that surgery results 
in a six-fold reduction of this risk. Although high- 
grade carotid stenosis does predispose to transient 
cerebral ischaemia nd stroke, most cerebrovascular 
events are associated with less severe stenosis. If 
surgery is to have an impact on the reduction of stroke 
in the communit~ then there is a need to find what 
other factors may be important in the development of 
embolic stroke arising from the carotid artery. The role 
of plaque morphology as an independent risk of 
cerebral events must then be evaluated. 
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Duplex scanning is able to determine not only the 
degree of carotid stenosis, based on flow character- 
istics, but also the plaque structure, by which it is 
possible to separate patients at high risk of developing 
a stroke from those carrying a low risk independent of
the degree of stenosis. Because of its non-invasive 
nature Duplex scanning can be used frequently to 
reassess the status of the carotid artery and may play 
an important role in determining when intervention 
would be appropriate. 4 
The presence of cerebral infarction on computer 
tomography (CT) in patients with advanced carotid 
stenosis was found to be associated with an increased 
risk of subsequent neurologic events and shorter 
survival time. Thus carotid plaques which are asso- 
ciated with cerebral infarction are considered to be 
high-risk unstable plaques, '9 
Various classifications have been proposed to 
characterise carotid plaques using ultrasonography 
into, for example, homogenous and heterogenous 
plaques 1° or soft, dense and calcified plaques. The 
most recent classification is that of Geroulakos et al.: 
Type I: uniformly echolucent plaques with or 
without a thin echogenic cap. 
Type II: predominantly echolucent plaques with 
less than 50% echogenic areas. 
Type IIh predominantly echogenic plaques with 
less than 50% echolucent areas. 
Type IV: uniformly echogenic plaques. 
Type V: plaques that cannot be classified due to 
heavy calcification producing acoustic shadows. 
Echogenic plaques with a high fibrous tissue 
content and a thick fibrous cap are more prevalent in 
asymptomatic patients and are considered to be stable 
plaques, whereas echolucent lipid-laden or haemor- 
rhagic plaques are more common in patients with 
symptomatic cerebrovascular disease and are asso- 
ciated with a high incidence of CT brain 
infarctionsJ 1,12 
These classifications have relied on the human 
eye rather than objective measurements. It has been 
suggested that grading of a carotid plaque by objective 
means is able to better identify high-risk unstable 
plaques. The aim of this study was therefore to 
determine the relationship between computer-assisted 
grading of the echogenicity ofcarotid plaques and the 
incidence of CT brain infarction. 
Patients and methods 
Eighty-seven consecutive patients with 148 plaques 
causing more than 50% internal carotid artery sten- 
osis, as measured by Duplex scanning, were studied 
prospectively. Of these plaques 69 were in asympto- 
matic sides, 35 were associated with amaurosis fugax, 
19 with transient ischaemic attacks and 25 with stroke 
Table 1. Clinical presentations associated with the 111 plaques 
studied. 
Clinical presentation Number 
Asymptomatic plaques 69 
Plaques associated with 
amaurosis fugax 35 
Plaques associated with 
transient ischaemic attacks 19 
Plaques associated with 
strokes 25 
and good recovery as shown in Table 1. 
All scans were performed with an Ultramark-4 
ATL Duplex scanner (Advanced Technology Labora- 
tories, Letchworth, U.K.) with a 7.5 MHz high-resolu- 
tion linear scan head. Scan and printer settings (power 
output 50%, dynamic range 47 dB, gain-grey scale, 
filters and ramp) were preset at machine start-up and 
were not altered during the examination. All patients 
were examined supine with slight head tilt. Anterior, 
lateral and posterior projections were used to image 
the plaque longitudinally. All images were recorded 
on photographic paper and reviewed: those showing 
maximum plaque information (thickness) were used 
in the computer analysis. The plaque images on 
photographic paper were scanned using an Epson 
8000 scanner (Epson U.K. Ltd, Hemel Hempstead, 
Herts, U.K.) and the images were transferred to an 
Apple Macintosh Quadra 840 AV computer (Apple 
Computer Ltd, Uxbridge, Middlesex, U.K.) using the 
Adobe Photoshop TM 2.5.1 program (Adobe Systems 
Incorporation, Mountain View, CA 94039, U.S.A.). 
Each plaque was outlined using the computer mouse 
and its grey scale content (from 0 which denotes black 
to 255 which denotes white) was analysed for the 
mean, standard deviation, median and total pixel 
count. The grey scale median was used as a measure 
of the overall plaque echogenicity. A histogram show- 
ing pixel count in the y-axis and the grey scale in the 
x-axis was produced for each plaque as shown in Fig. 
1. All patients had a CT brain scan and the presence or 
absence of infarction in the corresponding middle 
cerebral artery territory was noted. The incidence of 
CT brain infarctions in plaques of high and low 
echogenicity was determined. 
In order to determine the accuracy of the above 
method in outlining the plaques using the computer 
mouse, 38 plaques were remeasured by a second 
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operator and the results were compared with that of 
the first operator. 
Results 
The relationship between the grey scale median and 
the presence or absence of CT brain infarction is 
shown in Fig. 2. 
The distribution of the grey scale medians in 
plaques associated with cerebral infarction and those 
--Channel: Black 
Mean: 52,43 Level: 255 
Std Bey: 33.64 Count: 0 
Median: 41 Percentile: I00.00 
Pixels: 11158 
Fig. 1. Carotid plaque with grey scale median of 41 as analysed by 
computer. 
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Fig. 2. The grey scale median values of the plaques associated with 
or without CT brain infarction. 
with no infarction is shown in Fig. 3. It is apparent that 
a cut-off level of a grey scale median of 32 can separate 
plaques associated with cerebral infarction from those 
with no infarction. 
Of the 64 plaques with a grey scale median 
greater than 32 only seven (11%) were associated with 
ipsilateral CT brain infarction. In contrast, of the 84 
plaques with grey scale median equal to or less than 
32, 46 (55%) were associated with CT brain infarction 
(X 2, p < 0.001, relative risk = 22, 95% CI 4.7 to 108), as 
shown in Table 2. This indicates that the positive 
predictive value of plaques with grey scale median 
above 32 to not be associated with cerebral infarction 
is 89% and that of plaques with grey scale median 
equal to or below 32 to be associated with cerebral 
infarction is 55%. 
Of the 53 plaques associated with cerebral infarc- 
tion seven (13%) had a grey scale median above 32 and 
46 (87%) had a grey scale median equal to or below 32. 
In contrast, of the 95 plaques not associated with 
cerebral infarction, 57 (60%) had a grey scale median 
above 32 and 38 (40%) had a grey scale median equal 
to or below 32. 
The mean of the grey scale medians of the plaques 
associated with cerebral infarction was 29.49 and that 
of the plaques not associated with infarction was 
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Fig. 3. The distribution of the grey scale medians of plaques 
associated with cerebral infarction and those with no infarction. 
GSM = grey scale median. 
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Table 2. Incidence of CT brain infarction in relation to the grey 
scale median of the 111 plaques. 
CT brain infarction 
Grey-scale 
Median Absent Present Total 
> 32 57 7 (11%) 64 
32 38 46 (55%) 84 
×2 = 30.35, p< 0.001. 
Relative risk = 22, 95% CI 4.7 to 108. 
Total number of plaques = 148 
37.49, indicating that plaques associated with cerebral 
infarction are more echolucent han plaques not 
associated with infarction (Wilcoxon test p < 0.001). 
With regard to the grey scale medians of the 38 
plaques that were remeasured by a second operator 
and were compared to the measurements of the first 
operator, there was no significant difference nor 
consistent bias between the two, as shown in Fig. 4 
and Table 3. 
Discussion 
Plaque morphology is an important factor in the 
pathogenesis of cerebrovascular events. Fragments of 
atherosclerotic material originating from the carotid 
bifurcation plaques and embolising to the brain 
provide the most plausible xplanation for symptoms 
of cerebral ischaemia nd the presence of cerebral 
infarction on CT. Emboli are compatible with focal 
symptoms of sudden onset and short-term nature as 
embolic material can abruptly reduce blood flow and 
their dissolution would permit return of flow. ~3 This 
may explain the relief of cerebral symptoms following 
carotid occlusion, ligation or removal of the embolic 
source at carotid endarterectomy. 
Lusby et al. ~4 reported that 92% of patients 
undergoing carotid endarterectomy for symptoms of 
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Fig. 4. The resu~s of the first operator as compared tothat of the 
second operaton 
Table 3. Comparison of the results of the first and second 
operators. 
First operator Second operator 
Mean 32.2 32.4 
Standard deviation 7.8 8.2 
Mean of differences =-0.184, r= 0.94 
cerebral ischaemia had evidence of intraplaque haem- 
orrhage in the operative specimen whereas it was 
present in only 27% of specimens from asymptomatic 
patients. The mean interval between the onset of 
symptoms and operation was 2.9 weeks. 
In contrast, Feeley et al. is identified intraplaque 
haemorrhage in 33% of carotid endarterectomy speci- 
mens with no significant difference between sympto- 
matic and asymptomatic plaques. In the study, how- 
ever, the mean interval between symptoms and 
operation was 16 weeks, which might explain why 
they failed to demonstrate higher incidence of intra- 
plaque haemorrhage in symptomatic plaques, as 
following intraplaque haemorrhage the healing proc- 
ess occurs. In addition, they demonstrated signifi- 
cantly greater fibrous content with corresponding less 
lipid material in asymptomatic as than in sympto- 
matic plaques. 
Intraplaque haemorrhage is thought o develop 
either by rupture of the plaque surface which allows 
luminal blood to track into the vessel wall or as a 
result of tearing of the fragile vessels that extend into 
the plaque centre from the vasa vasorum. This occurs 
as a result of the shear stress and haemodynamic 
tangential pressure forces that the carotid bifurcation 
plaques are subjected to. 
Intraplaque haemorrhage may produce throm- 
boembolic omplications by a number of mechanisms; 
for example thrombus deposits on the deformed 
surface might become detached to form an embolus 
when the endothelium is stretched, or the endothe- 
lium may rupture allowing components of the haem- 
orrhage and/or the plaque to escape into the vessel 
lumen as an embolus. 16 
Barnett 17 has shown that in patients with 
advanced carotid stenosis, the presence of silent brain 
infarction is associated with a higher isk of death and 
stroke than in those without. 
In this study we measured plaque echogenicity 
on B-mode ultrasound by estimating the median of 
the grey scale content using computer image analysis 
to achieve accurate plaque characterisation. This was 
then correlated to the presence or absence of CT brain 
infarction in the corresponding middle cerebral artery 
territory. We have shown that plaques with a grey 
scale median below or equal to 32 are associated with 
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a significantly higher incidence of CT brain infarction 
than those with a grey scale median above that level, 
and could be considered as high-risk unstable 
plaques. On the other hand plaques with grey scale 
median above 32 could be considered as low-risk 
stable plaques. 
Since embolic events as reflected by CT brain 
infarctions are associated with the presence of unsta- 
ble carotid plaques, we are now able to identify such 
plaques using a simple and reliable method. This 
method could serve not only to identify high-risk 
patients, those who may be at risk of subsequent 
neurogenic events, but also to identify low-risk 
patients. The potential of such analysis in the identi- 
fication of high-risk and low-risk sub-groups of 
patients with asymptomatic carotid stenosis hould be 
explored in a natural history study. 
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